Results and Discussion
). S2B). In contrast to TBP2s, the N-terminal domain is highly conserved in TBPs ( Figure S2A ). When the phyloInterestingly, the levels of TBP and TBP2 proteins were very different in the two gonad types. TBP was enriched genetic relationship of TBP-related proteins from different metazoans was analyzed, TBP2 proteins formed a in the testis but hardly detectable in the ovary, whereas the level of TBP2 was much higher in the ovary than in separate branch on the unrooted evolutionary distance tree, with closer relation to TBPs than TRF1 or TLF the testis ( Figure 2D ). The level of TBP protein was very low in the zygote, homologs ( Figure S3 and data not shown). The above data suggests that tbp2 is a result of a vertebrate-speincreased from morula stage onward, reaching a peak during early gastrulation stages. Rapid decline was decific gene duplication event.
tected during neurula and organogenesis stages ( Figure  2D ), indicating a dynamic posttranscriptional regulation Expression Pattern of tbp and tbp2 in Zebrafish of TBP. On the other hand, TBP2 was already present The transcripts of zebrafish tbp were present in all tissue in fertilized eggs at a significant level. Its level increased samples and developmental stages examined by RTfurther until sphere stage and reduced gradually toward PCR (Figure 2A) . Similarly, in situ hybridization showed 24 hpf ( Figure 2D ). These data together show that TBP strong ubiquitous staining in stages from zygote to the and TBP2 have complementing expression patterns in midblastula transition (MBT), indicating that tbp mRNA the adult gonads and differential quantitative regulation is deposited maternally. Decline of tbp mRNA levels during early embryogenesis and suggest differences in were observed with no apparent tissue specificity their function. throughout gastrulation stages, indicating low levels of zygotic tbp gene activity during neurulation and organogenesis ( Figure 2B ). On the other hand, expression of TBP2 Binds the TATA Box and Forms Complexes with TFIIA and TFIIB zebrafish tbp2 was clearly higher in the gonads, with a small amount of transcripts in other adult organs (e.g., When comparable amounts of either human TBP or zebrafish TBP2 ( Figure S4A ) were used in the electophobrain and kidney). tbp2 transcripts were also maternally supplied and reached minimum levels around 3 days retic mobility shift assay (EMSA), TBP2 recognized the adenovirus major late promoter (AdMLP) TATA box as postfertilisation (dpf), with increase afterwards ( Figure  2A) . Importantly, tbp2 mRNA showed asymmetric distrieffectively as TBP ( Figure 3A ). Double-stranded cold oligonucleotides containing the wild-type TATA box effibution in 50% epiboly stage embryos (early gastrulation stage, ventral side labeled with an arrow in Figure 2B) . ciently competed the binding of TBP2 to the labeled probe, while cold competitor oligonucleotides containing a This suggests a potential function in dorsoventral patterning of the body axis. Generally, low levels of tbp2 mutated TATA box did not ( Figure 3A ). The TBP2/DNA complex was "supershifted" by an anti-TBP2 polyclonal expression with no apparent tissue specificity were detected at 24 hr postfertilisation (hpf) ( Figure 2B formed complexes with TBP2 ( Figure 3B ). Furthermore, a source of other general transcription factors we used a heat-treated HeLa cell extract in which transcription both TBP and TBP2 were able to form a tetrameric complex with DNA, TFIIA, and TFIIB ( Figure 3B ). Taken has been reversibly inactivated [20] . Transcription initiation in the heat-treated extract was completely depentogether, these data indicate that TBP2 can bind to the TATA box and that it forms complexes in vitro with TFIIA dent on the addition of TBP. Interestingly, comparable units of TBP2 resulted in transcription initiation from the and TFIIB similarly to that of TBP.
To test whether TBP2 can mediate transcription initiaAdMLP; however, they did so to a lesser extent than that obtained with TBP ( Figure 3C ). This suggests that tion, we compared the basal transcription activities of equivalent amounts of recombinant TBP and TBP2. Figure 4A ; MO3, data not shown) resulted in specific translation inhibition of misexpressed full-length tbp2 mRNA (FL), but not that of a truncated mRNA lacking the MO target sequence and containing a TBP2 open reading frame only (ORF) ( Figure 4A, lanes 1-6) . This result indicates a specific and direct effect of MO4 on misexpressed tbp2 FL mRNA sequences. In contrast, MO4C, which contains five mismatches, had no effect on translation from misexpressed tbp2 FL mRNA ( Figure  4A, lanes 7-10) . No significant effect on the level of endogenous TBP2 could be detected up to the 75% epiboly stage in MO4 and MO4C-injected embryos. In contrast, significant reduction of TBP2 could be observed in MO4-injected embryos, but not in MO4C in- [11] ). On the other hand increase in shh expression (15.4%, n ϭ 22; Figure 4O ). 
